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A  GUIDE  TO  THE  USE  OP  PLASTICS 


INTRODUCTION 

Thu  riim  of  duoifjn  onginooring  is  to  scluct  m.  tcri:!  which 
will  perform  ruli.,bly  under  the  most  c.dvoreo  conditions.  A  cpccific 
?  ~  cx.onplc  of  thi.-:  ic  the  growing  need  for  luatoric.le  which  perform  o.'.tir'’- 

fc.ctorily  in  r  .  di  ction  fioldo. 

V'  - 

Plrctico  occupy  c.  role  of  major  significr.ncc  in  nucler.r 
technology.  They  rani:;  with  metals  e.nd  ceramics  r  s  the  principal  cc.te- 
,i,ory  of  raotorialc  used  in  the  construction  of  componjcnts  in  this  field. 
Of  -11  m;  terialG,  organic  materials  are  eonongst  those  most  sensitive  to 
the  effects  of  radiation. 

The  aim  of  this  report  is,  therefore,  twofold: 

t  1 .  to  give  the  genur:.l  (mecho.nical,  electrical, 

phycic.'.l)  properties  of  commcrcic.l  plar-tics, 

-MOd 

2.  to  report  the  degeneration  of  these  properties 
under  nuclear  radiation. 

Thus,  by  cross  reference,  a  guide  ic  provided  for  the  selec¬ 
tion  of  pl'.iiitics  which  has  to  fulfill  specific  requirements,  even  when 
*•  subjected  to  high  doses  of  absorbed  radiation. 

Thio  engineering  guide  has  shqwn  itself  to  be  all  the  more 
‘  needed  as  data  on  radiation  d.'imagc  ic  scattered  throughout  -  oft^n  not 

ge'ner''lly  a.vailablc  -  literature,  measured  under  different  conditions 
of  irradiations,  .'.nd  thus  often  controversial  in  result.  In  reporting 
the  d;.tr'  compiled  in  this  report,  exposures  received  by  the  various 
■  m. .tori.. Is  have,  therefore,  been  expressed  in  a  single  unit  of  absorbed 

dose,  the  rad  (=  100  ergs/grrm) .  None  of  the  data  was  taken  during 
irr'.-.di:-tion,  only  permanent  effects  have  been  reported. 

RADIATION  FIELDS  AlTD  CONVERSION  FACTORS 

Much  of  the  published  work  on  radiation  effects  on  polymers 
i  ic  based  on  experiments  carriqd  out  in  the  O'-k  Ridge  reactor  ..t 
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Tonnossce  and  the  BEPO  reactor  at  Harwell*  The  pile  imlt  employed  at 

18 

Orlc  Ridge  corresponds  to  a  neutron  flux  of  10  thermal  neutrons  per 

2  17  2 

cm  ,  whereas  at  Harwell  one  pile  xmit  is  10  slow  n/cm  .  The  conver¬ 
sion  factor  from  pile  units  to  rade  depends  primarily  on  the  oloments 
present  in  the  tost  specimen; 

18  9 

10  nvt  =  10  rad  for  polyethylene 
18  9  * 

10  nvt  =  2.5  X  10^  rad  for  polyvinylchloride 

10^®  nvt  ■=  7  X  10®  rad  for  polymethyl -methacrylate  (l) 

Electron  irradiations  are  mostly  done  with  a  Van  de  Graaff 
generator.  The  total  energy  being  delivered  by  the  boom  can  be 
measured  directly  with  a  Faraday  cup. 
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EXPLANATION  OP  TABLES  AND  FIGURES 

A .  Without  Irradiation  Effects 

Tables  1  through  5  ropresont  tho  phyoicalf  moohanicalj  electrical 
and  thcimal  proportioe  ofj 

thennoplcstic  moulding  materials 
thoimoplactic  sheet  materials 
thcimoplastic  films 

thermosetting  moulding  materials,  and 
thormosot  laminated  sheets  respectively. 

Although  the  diversity  of  plastics  is  enormous,  the  choice  for  a 
given  application  will  lie  within  a  narrow  band  of  the  plastics 
spectrum.  Within  this  band,  however,  there  may  be  several  plasticc 
which  approximate  the  needed  requirements.  Selecting  the  best  one 
requires  comparing  tho  properties  of  each  plastic.  Tables  6 
through  8  are  a  selection  guide  based  on  typeo  of  applications. 

B.  Irradiation  Effects 

Figures  1  and  2  show  the  relative  radiation  rcsistancec  of  the  most 
used  thermoplastic  and  thcimosctting  resins. 

The  most  evident  and,  from  an  engineering  viev/point,  moot  important 
changes  which  occur  in  polymers  under  irradiation  affect  their 
mechanical  properties.  These  changes  for  commercial  plastics  arc 
shown  in  figs.  3  through  30  and  table  2  for  thcimoplasticc ,  and  in 
figs  31  through  43  and  table  10  for  thcimoscttingc. 

The  effect  of  nuclear  radiation  an  volume  resistivity,  dic-lectric 
strength  and  arc  resistance  is  given  in  table  11  for  theimoplastice 
and  in  table  12  for  theimosetting  resins.  The  materials  used  are 
grouped  in  a  logical  order,  firstly  chemical  composition,  then  1 y 
trade  names.  The  exact  composition  of  commercial  products  is  often 
not  knoWn  precisely,  or  even  the  composition  may  have  changed, 
whereas  tho  trade  name  remains . 
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Table  13  groups  data  on  dielectric  constant  and  dissipation  factor  of 

9 

coEuncrcial  plastics  resistant  to  an  absorbed  dooo  of  10  rads. 

(All  toots  v/oro  carried  out  according  to  ASTM  norms.) 

Values  for  the  total  gas  evolved  from  irradiated  oamploo  of  0.2  to 
0»5  gramme  weight  are  listed  in  tables  14  and  15  for  theimoplasticc- 
and  thoimoscttings respectively.  In  general,  the  quantity  of  gas  is 
proportional  to  the  dosage,  so  extrapolation  of  the  table  to  other 
doses  is  possible.  The  effects  of  oxygon  and  temperature  arc  very 
important.  The  yields  presented  in  the  tables  are  for  room  tem¬ 
perature  and  in  vacuum.  Plastics  containing  only  carbon  and 
hydrogen  atoms  will  primarily  give  off  hydrogen  during  irradiation. 
Those  containing  oxygon,  chlorine  or  fluorine  will  also  give 
oxygen,  chlorine  and  fluorine  components. 

The  influence  of  fillers  on  the  radiation  resistance  of  some 
commercial  plastics  is  shown  in  tables  16,  17  and  18  and  figure  44. 
It  can  be  concluded  that  the  stability  of  the  filled  plastic  is 
proportional  to  the  radiation  quality  of  the  filler  used. 

Radiation  stability  of  plastics  at  temperatures  above  the  usual  ser¬ 
vice  temperature  (~*75°  C*)  listed  in  tables  19  and  20  for 
thermoplastics  and  theimoscttings.  It  can  be  seen  that  for  high 
temperature  applications  only  mineral  filled  plastics  can  be  con¬ 
sidered.  Recoramcndablo  rosins  arc  phonolics,  mclemine  formaldehyde 
and  epoxies. 

At  cryogenic  temperatures,  epoxies  have  the  highest  mechanical 
properties,  with  phonolics  a;ad  polyesters  following  in  that  order. 

Most  plastics  are  known  by  their  trade  names,  two  lists  of  which 
arc  added  to  this  guide;  one  with  the  trade-names  and  one  with  the 
chemical  composition  in  alphabetical  order. 


'  / 
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Thafmopiasti'c  mouidsng  me.teriols  (General  bibliogf 


SoHening  point  ®C 


Table  1-  Thermoplastic  moulding  materials 


Dielectric  constant 


Tobte3.  Thermoplastic  films 


Table  3.  Thermoplastic  films 


TQbl€  4,  ThermoseUing  moulding 


Dielectric  constont 
at  10®  cycles /sec 


Table  5.  Thermoset  laminated  sheets 


Recommanded  mcx 
working  temperature 


PLASTICS  SELECTION  TABLES  (GENERAL  BIBLIOGRAPHY  P  ll9) 

TABLE  6.  ;  PLASTICS  POR  MECH/iHICAL  APPLICATIONS 

A.  Heavily  stressed  mechanical  components  -  dams,  Gears,  Couplings^ 
Racks-,  Boilers  etc. 

Properties  required 
••  High  impact  strength 

-  High  tensile  strength 

-  Good  fatigue  resistance 

-  Excellent  machinability  or  mouldable  to  close  tolerance 

-  Stability  at  elevated  temperatures. 

Types  of  plastics  with  particular  application 
Acetals  are  recommended  for: 

-  maximum  fatigue  life 

-  highly  accurate  parts 

-  exposure  to  extremely  humid  and  corrosive  conditions. 

Epoxies  for  ultimate  high  tensile  applications. 

Fluorocarbons  (P.T.P.E.  filled  acetals)  for  duty  applications 

Nylons  for  general  purpose  gears  and  other  mechanical 
components. 

Phenolic s  (fabric  filled)  for  thin  stamped  gears  or  parts. 
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B.  Materials  for  low  friction  applications  -  BQarln,^B,  Bushings, 

Guides, Impellers ,  Slides^  Valve,  Valve  liners,  Y/earins  surfaces  etc. 

Properties  required 

-  High  resistance  to  abrasiqn 

-  Low  friction  co-efficient 

-  Heat  resistance 

-  Corroiion  resistance  j 

-  Good  form  stability. 

Types  of  plastics  with  particular  application 

-  Acetals  for:-  submerged  (water  or  organic  solvents) 

or  humid  service  when  resistance  to 
creep  is  important. 

-  for  valve  liners  or  slides  to 
eliminate  jerlcy  starts. 

-  Fluorocarbons  (especially  P.T.F.E.)  for: 

-  sliding  or  low  speed  rotating  dry  bearings 

-  highly  corrosive  service 

-  service  in  extreme  temperatures  (-200  to 

+  26070) 

-  non-stick  surfaces. 

-  Fluorocarbons  (filled)  for: 

-  heavy  loadihgs  and 

-  high  creep  resistance 

' 

-  Nylon  for  general  purpose  bearings  and  wear  surfaces. 

-  Polyethylbne  (high  density)  at  very  low  speeds  and  loads. 


I 
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•  TABLE  .7.  r  PLASTICS  POR  EI.ECTRQSTRUCTURA1  PARTS 

Properties  required  ; 

-  Excellent  electrical  resistance  in  low  to  laedium  frequencies. 

-  High  tensile  -  and  impact  strength 

-  Good  fatigue  resistance 

-  Good  dimensional  stability  and  excellent  moulding  characteristics 

Types  of  plastics  with  particular  application 

-  Alkyda,  Aminos  andEoLyesters  are  recommended  for  general 

electrical  components. 

-  Epoxies;  Potting  and  encapsulation  of  electronic  components 

for  maximum  environmental  resistance. 

-  excellent  dimensional  stability  over  wide  temperature 
ranges. 

-  Melamines  for: 

-  hardness 

,  -  high  shock  resistance  and 

-  high  resistance  to  burning 

-  PhenollcB  for  punched  and  stamped  parts 

-  Polycarbonates  for  trans'^arent  parts  requiring  high  impact 

strength. 

-  Silicones  for  very  high  heat  resistance. 

HOTE;- 

Poly styrene  and  teflon  have  excellent  electrical  properties 
in  high  frequency  applications. 

lono  ers,  polyvinylchloride  and  polyethylene  are  recommended 
in  high  voltage  applications. 
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TABLE  8  ;  PLASTICS  FOR  GENERAL  APPLICATIONS 

A.  For  thermal  and  chemical  equiproent,  plating  components  etc» 

Properties  required 

-  Resistance  to  very  high  temperatures 

-  Resistance  to  a  wide  range  of  chemicals 

-  Minimum  moisture  absorption 

-  Good  mechanical  properties 

Types  of  plastics  with  particular  application 

-  Epoxy  for  greatest  mechanical  strength 

-  Fluorocarbons 

a)  P.T.F.E.  for: 

-  general  chemical  purposes 

-  extreme  temperature  applications 

b)  P.C.T.F.E.  for  transparency 

c)  P.V.F.  and  P.0,T.F.E.  for  extreme  chemical  resistance 
combined  with  mechanical  strength  and  stiffness. 

-  Polypropylene  -  Polyethylene  (high  density) 

for  plating  and  less  severe  chemj  c  al  exposures. 

NOTE: - 

Polyvinylchloride  has  good  cheraical.  resistance  but  is  not 
temperature  resistant. 
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B.  i'aterialu  for  Containers,  Ducts  etc. 

Properties  required  ' 

-  Good  impact  strength  and  stiffness 

-  Good  formability  and  mouldabiXity  characteristics 

-  Good  environmental  resistance 

-  Good  mechanical  properties  and  dimensional  stability. 

i 

Types  of  plastics  with  particular  application 

-  ABS  recommended  for  general  applications 

-  Polyesters  (glass-filled)  and  epoxies  (glass-filled)  for: 

-  maximum  strergth  to  v/eight  ratios 

-  stiffness 

-  heat  resistance 

-  Polypi^opylene ,  polyethylene  (high  density)  and  epoxy 
(glass-filled)  for  applications  in  corrosive  environments. 
Polypropylene  has  also  a  high  flexing  strength. 


66/5017/5 

cms. 


Plaatica  for  Li.?ht  -  tranamisslon  Coniponente.  Me)<|el@a  etc. 

Properties  required 

-  good  li^t  transmission 

-  excellent  formability  and  mouldability 

-  shatter  resistance 

-  fair  to  good  mechanical  properties 

Types  of  plastics  with  particular  application 

"  AcryJ'tfig  Polystyrenes  recommended  for  general  purpose 

applications,  especially  for  optical 

-  Acrylics  have  also  excellent  low  temperature  properties. 

-  Cellulose  acetates  and  Vinyls  for  -  flexible  glazing 

-  guards 

-  Cellulose  butyrates  for  -  excellent  impact  resistance 

-  deep  formability 

-  lonomers  for  -  excellent  clari% 

-  Polvearhonates  for  -  maximum  strength 

-  Vinyls  for  -  maximum  formability 

-  printability 
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damage  utility  of  plastic 


O) 

ii- 


RELATIVE  RADIATION  RESISTANCE  OF  THERMOPLASTIC  RESINS  (2,3,4, 5) 


DAMAGE  UTILITY  OF  PLASTIC 


s 

-Q 


2  >r 
=»  0 


o 


t—  <NCO'<  »0  'OK  00 


PER  CENT  OF  INITIAL  VALUE 


23 


Effect  of  rodiation  on  mechanical  properties 


DOSAGE.  RADS 


CURVE  NO  PROPERTY  INITIAL  VALUE 

% 

1  TENSILE  STRENGTH  3.730  PSI 

2  ELONGATION  “ 

3  ELASTIC  MODULUS 

4  SHEAR  STRENGTH 

5  lAAPACT  STRENGTH  - 


Fig.  3  ABS  (ACRYLONITRILE  -BUTADIENE-STYRENE, TERPOLYMER) 

■  KRALASTIC  MV  "  (6) 


Effect  of  radiation  on 


3 

U- 

/ 

^^^46^ 

dosage,  rads 


:URVE  NO. 

1 

2 

3 

4 

5 


property 

tensile  strength 

ELONGATION 
ELASTIC  MODULUS 
SHEAR  STRENGTH 
impact  strength 


INITIAL  VALUE 
6.700  PSI 
2.4  •/. 

2.8  X 10*  PSI 
WOO  PSI 

0.35  FT- LB /IN.  OF  NOTCH 


viiwi  dialvcol  carbonate -"CR- 39"  (7,8,9,10,11) 


Effect  of  radiation  on  mechanical  properties 


* 

CURVE  NO. 

PROPERTY 

DOSAGE.  RADS 

INITIAL  VALUE 

1 

TENSILE  STRENGTH 

8.500  PSI 

2 

ELONGATION 

2.0  •/. 

3 

ELASTIC  MODULUS 

5.7k  10*  PSI 

A 

SHEAR  STRENGTH 

9.800  PSI 

5 

IMPACT  STRENGTH 

0.50  FT-LB/IN.  OF  NOTCH 

Fig.5 

Casein  - 

••Ameroid”  (7.8.11,12) 

PER  CENT  OF  INITIAL  VALUE 


Effect  of  radiation  on  mechanical  properties 


DOSAGE.  RADS 


CURVE  NO.  PROPERTY  INITIAL  VALUE 

1  TENSILE  STRENGTH  4.200  PSI 

2  ELONGATION  60  */. 

3  ELASTIC  MODULUS  1.6x10*  PSI 

4  SHEAR  STRENGTH  4,000  PSI 

5  IMPACT  STRENGTH  3.3  FT -LB/ IN.  OF  NOTCH 

Fig.  7  Cellulose  acetate  butyrate Tenite  butyrate"  (7,8,11, 14) 


PER  CENT  OF  INITIAL  VALUE 


Effect  of  radiation  on  mechanical  properties 


DOSAGE.  RADS 

CURVE  NO.  PROPERTY  INITIAL  VALUE 

1  TENSILE  STRENGTH  7.600  PSI 

2  ELONGATION  30V. 

3  ELASTIC  MODULUS  3.6x10*  PSI 

4  SHEAR  STRENGTH  8,800  PSI 

5  impact  STRENGTH  2.75  FT- LB /IN.  OF  NOTCH 

Fig.  8  Cellulose  nitrate Pyralin  "  (7, B, 11, 12) 


PER 


Effect  of  rodiat ion  on  mechanical  properties 


1, 2,445 


CURVE  NO. 

PROPERTY 

DOSAGE.  RADS 

INITIAL  VALUE 

1 

TENSILE  STRENGTH 

2,600  PSI 

2 

ELONGATION 

1.6  •/. 

3 

ELASTIC  MODULUS 

— 

4 

SHEAR  STRENGTH 

2900  PSI 

5 

IMPACT  STRENGTH 

1,1  FT -LB/ IN.  OF  NOTCH 

Cellulose  propionate  -  "Tenite  propionate"  (7,8,11,12) 

PER  CENT  OF  INITIAL  VALUE 


Effect  of  radiation  on  mechanical  properties 


DOSAGE,  RADS 


CURVE  NO 

PROPERTY 

INITIAL  VALUE 

1 

TENSILE  STRENGTH 

3.000  PSI 

2 

ELONGATION 

165% 

3 

ELASTIC  MODULUS 

■  — 

4 

SHEAR  STRENGTH 

— 

5 

IMPACT  STRENGTH 

— 

Fig.lO  COPOLYMER  OF  HEXAFLUOROPRENE  AND 
TETRAFLUOROETHYLENE :  TEFLON  FEP  100 (15) 


Effect  of  rodiation  on  mechanical  properties 


DOSAGE,  RADS 


PROPERTY  INITIAL  VALUE 

TENSILE  STRENGTH  6,000  PSI 

ELONGATION  ^0  V. 

ELASTIC  MODULUS  2.1*10»PSI 

SHEAR  STRENGTH  6,700  PSI 

IMPACT  STRENGTH  2.0  FT-LB/IN.  OF  NOTCH 

Ethyl  cellulose-"  Ethocel"  (7,8,11,12) 


CURVE  NO. 
1 
2 

3 

4 

5 


Effect  of  radiation  on  mechanical  properties 


CURVE  NO. 

PROPERTY 

1 

TENSILE  STRENGTH 

2 

ELONGATION 

3 

ELASTIC  MODULUS 

4 

SHEAR  STRENGTH 

5 

IMPACT  STRENGTH 

INITIAL  VALUE 
7,600  P  SI 
62  V. 

2.0  *10*  PSI 

7.300  PSI 

2,8  FT -LB/ IN.  OF  NOTCH 


Polyamide 


"Nylon" 


Fig. 12 


(7,8,11,16,17) 


PER  CENT  OF  INIT 


Effect  of  radiation  on  mechanical  properties 


CURVE  NO 


PROPERTY 


INITIAL  VALUE 


TENSILE  STRENGTH 
ELONGATION 
ELASTIC  MODULUS 
SHEAR  STRENGTH 
IMPACT  STRENGTH 


6.200  PSI 
96% 


DOSAGE.  RADS 


Fig.l3  POLYCARBONATE  "LEXAN  FILM  “  (18,11,20) 


PER  CENT  OF  INITIAL  VALUE 


Effect  of  radiation  ©ri  rrsechcinical  properties 


DOSAGE,  RADS 


CURVE  NO.  PROPERTY 


INITIAL  VALUE 


1 

2 

3 

4 

5 


TENSILE  STRENGTH 
ELONGATION 
ELASTIC  MODULUS 
SHEAR  STRENGTH 
IMPACT  STRENGTH 

I 


4.900  PSI 
50*/, 

1,8*10®  PSI 
St300  PSI 

1.9  FT -LB /IN.  OF  NOTCH 


Flg.14  Polychlorotrifluoroethylene  -  **  Fjuorothene"  (7.8,11,21,22) 


PER  CENT  OF  INITIAL  VALUE 


Effect  of  radiation  on  mechanical  properties 


DOSAGE,  RADS 

CURVE  NO 

PROPERTY 

INITIAL  VALUE 

1 

TENSILE  STRENGTH 

1.915  PSI 

2 

ELONGATION 

38% 

3 

ELASTIC  MODIAUS 

— 

4 

SHEAR. STRENGTH 

— 

5 

IMPACT  STRENGTH 

t  ( 

Flg.l5  POLYETHYLENE  "ALATHON  3,  NC-IOFILM"  (20) 

PER  CENT  OF  INITIAL  W4LUE 


Effect  of  rad  lot  ion  on  msclianical  properties 


CURVE  NO. 

PROPERTY 

DOSAGE,  RADS 

INITIAL  VALUE 

1 

TENSILE  STRENGTH 

1400  PSI 

2 

ELONGATION 

250*/. 

3 

ELASTIC  MODULUS 

0.30x10*  PSI 

4 

SHEAR  STRENGTH 

1400  PSI 

5 

IMMCT  STRENGTH 

lU  FT- LB /IN. OF  NOTCH 

Polyethylene 

•polythene"  (7, 8,11, 23, 24,25, 26,27,28) 

PER  CENT  OF  INITIAL  VALUE 


Effect  of  radiation  on  mechanical  properties 


DOSAGE.  RADS 


CURVE  NO  PROPERTY  INITIAL  VALUE 

1  TENSILE  STRENGTH  10.450  PSI 

2  ELONGATION  70% 

3  ELASTIC  MODULUS  - 

4  SHEAR  STRENGTH 

5  IMPACT  STRENGTH  “ 


Fig.17  POLYFORMALDEHYDE  “DELRIN"  (12,29) 


Effect  of  radiation  on  mechanicai  proportie 


CURVE  NO 

PROPERTY 

INITIAL 

VALUE 

1 

TENSILE  STRENGTH 

23.000 

PSI 

2 

ELONGj«<TlON 

3 

ELASTIC  MODULUS 

— 

4 

SHEAR  STRENGTH 

— 

5 

IMPACT  STRENGTH 

— 

ig.  18  POLYIMIDE  ”H-FILM“(30) 


Effect  of  radiation  on  mechanical  properties 


i 

k\ 

CURVE  NO. 

PROPERTY 

DOSAGE.  RADS 

INITIAL  VALUE 

1 

TENSILE  STRENGTH 

10.700  PSI 

2 

ELONGATION 

4.5  V, 

3 

ELASTIC  MODULUS 

4.8x10*  PSI 

4 

SHEAR  STRENGTH 

6.700  PSI 

5 

IMP/y:T  STRENGTH 

0.37FT-LB/IN.  OF  NOTCH 

Methyl  methacrylate  -  "  Perspex  '* 

(  7.8,11,17,24,31,32,33) 

PER  CENT  Or  VMUk 


Effect  of  radiation  on  mechanical  properties 


CURVE  NO 


PROPERTY 


INITIAL  VALUE 


DOSAGE.  RADS 


TENSILE  STRENGTH  4.660  PSI 
ELONGATION  70% 

ELASTIC  MODULUS  - 

SHEAR  STRENGTH 

impact  STRENGTH  0, 79  FT -  LB  /  IN  of  notch 


Fig.  20  POLYPROPYLENE  *  PRO- FAX  "  (34.35.36.37) 


PER  CENT  OF  INITIAL  VALUE 


Effect  of  radiation  on  mechanical  properties 


CURVE  NO  PROPERTY 


INITIAL  VALUE 


TENSI).E  STRENGTH  4.380  PSI 

ELONGATION  770% 

ELASTIC  MODULUS  ” 

SHEAR  STRENGTH 
IMPACT  STRENGTH 


DOSAGE.  RADS 


Fig.21  POLYPROPYLENE- ETHYLENE  POLYALLOMER  (6) 


PER  CENT  OF  INITIAL  VALUE 


Effect  of  radiation  on  mtchenical  propertits 


250 


200 


150 


100 


50 


— 

12,3. A  as 

■ 

DOSAGE.  RADS 


CURVE  NO.  PROPERTY 

1  TENSILE  STRENGTH 

2  ELONGATION 

3  ELASTIC  MODULUS 

4  SHEAR  STRENGTH 

5  IMPACT i  STRENGTH 


INITIAL  VALUE 
4,400  PSI 
1.0  •/. 

4.8*10®  PSI 
5.500  PSI 

0.20  FT- LB /IN.  OF  NOTCH 


FiQ- 22  Polystyrene- "Styron"  (7,8,11,38,39) 


pc'®  CENT  OF  INITIAL  VALUE 


43 


I 

1 


DOSAGE, RADS 


CURVE  NO.  PROPERTY  INITIAL  VALUE 

1  TENSILE  STRENGTH  3,400  P  SI 

2  ELONGATION  250  V. 

3  ELASTIC  MODULUS  I.OxloSpSI 

4  SHEAR  STRENGTH  2,830  P SI 

j  5  IMPACT  STRENGTH  3.3 FT-LB/IN. OF  NOTCH 

FiQ.  23  Polytetrafluoroethylene(RT.F.  E.)  "leflon"  (7,8,11,20) 


PER  CENT  O 


Effect  of  radiation  on  mechanical  properties 


1 

1 

CURVE  NO  PROPERTY 


INITIAL  VALUE 


TENSILE  STRENGTH  6.390  PSI 

ELONGATION  500% 

ELASTIC  MODULUS  - 

SHEAR  STRENGTH  - 

IMPACT  STRENGTH 


DOSAGE.  RADS 


Fig.24  POLYURETHANE  "e$TANE  VC ''  (l,12,40,4l) 


Effect  of  radiation  on  mechanical  properties 


CURVE  NO. 

PROPERTY 

INITIAL  VALUE 

1 

TENSILE  STRENGTH 

2200  PSI 

2 

ELONGATION 

225  V. 

3 

ELASTIC  MODULUS 

— 

4 

SHEAR  STRENGTH 

— 

5 

IMPACT  STRENGTH 

— 

Fig.  25 


Polyvinyl  butyral - "Butacite  Film**  (7,8,11) 


Effect  of  radiatiofi  on  mechanical  properties 


1.2,3,4  &5 

1 

^  ms 

DOSAGE,  RADS 


CURVE  NO, 
1 
2 

3 

4 

5 


PROPERTY 
TENSILE  STRENGTH 
ELONGATION 
ELASTIC  MODULUS 
SHEAR  STRENGTH 
IMPACT  STRENGTH 


INITIAL  VALUE 
1,800  PSI 
0.32  •/. 

5.8x106  PSI 
3,500  PSI 

0.19  FT -LB/ IN.  OF  NOTCH 


Polyvinyl  carbazole  -  ’*  Polectron  *'  ( 7,  8 ,11 ) 


PER  CENT  OF  INITIAL  VALUE 


Effect  of  radiation  on  mechanical  properties 


DOSAGE,  RADS 


CURVE  NO. 

PROPERTY 

1 

TENSILE  STRENGTH 

2 

ELONGATION 

3 

ELASTIC  MODULUS 

4 

SHEAR  STRENGTH 

5 

IMPACT  STRENGTH 

INITIAL  VALUE 
2,800  PSI 
310  V. 


Fig.  27  Polyvinyl  chloride Geofi"  (7,8,11,42) 


PER  CENT  OF  INITIAL  VAL 


Effect  of  radiation  on  mechanical  proper! Sts 


CURVE  NO. 

PROPERTY 

INITIAL  VALUE 

1 

TENSILE  STRENGTH 

7400  PSI 

2 

ELONGATION 

2*/. 

3 

ELASTIC  MODULUS 

5x  lO'  PSI 

4 

SHEAR  STRENGTH 

— 

5 

IMPACT  STRENGTH 

Fig.  28  Polyvinyl  formal  '’Formvar"  (7,11) 


Effect  of  radiation  on  mechanical  properties 


CURVE  NO. 

PROPERTY 

INITIAL  VALUE 

1 

TENSILE  STRENGTH 

aooo  PSI 

2 

ELONGATION 

3.1  •/. 

3 

ELASTIC  MODULUS 

4.8x10*  PSI 

4 

SHEAR  STRENGTH 

6,800  PSI 

5 

IMPACT  STRENGTH 

0.5  FT- LB /IN  OF  NOTCH 

Fig. 29  Vinyl  chloride  acetate Vinylite"  (7,8,11,43,44) 


PER  CENT  OF  INITUO.  VA 


PER  CENT  OF  INITIAL  VALUt 


Effect  of  radiation  on  mechanical  properties 


CURVE  NO.  PROPERTY 

,  TENSILE  STRENGTH 

2  ELONGATION 

3  ELASTIC  MODULUS 

4  SHEAR  STRENGTH 

5  IMPACT  STRENGTH 


INITIAL  VALUE 
9.200  PSI 
1.8  V. 

6.0xl0»  PSI 
9.700  PSI 

0,20  FT- LB/IN.  OF  NOTCH 


! 

Fin  31  Aniline  formaldehyde -unfilled -**  Cibanite  *' (7.8,11) 


UI  150 


Effect  of  radiation  on  mechanical  properties 


1,2,3  &s 


0' — - 

10* 

_ 1 - 

10’  10* 

10®  10*®  10’' 

CURVE 

NO.  PROPERTY 

DOSAGE.  RADS 

INITIAL  VALUE 

1 

TENSILE  STRENGTH 

2,200  PSI 

2 

ELONGATION 

0.39  •/. 

3 

ELASTIC  MODULUS 

8x10®  PSI 

4 

SHEAR  STRENGTH 

— 

5 

IMPACT  STRENGTH 

0,31  FT -LB /IN.  OF  NOTCH 

Fig.  33 

Furan 

-asbestos  and  carbon 

black  filler  -  "  Duralon  "  (7,8,11,12) 

PER  CENT  OF  INITIO 


Effect  of  rod  ictiori  on  rr.tchanicel  pr'Gperties 


CURVE  NO. 

PROPERTY 

INITIAL  VALUE 

1 

TENSILE  STRENGTH 

9,100  PSI 

2 

ELONGATION 

0.65*/. 

3 

ELASTIC  MODULUS 

14x10®  PSI 

4 

SHEAR  STRENGTH 

11,000  PSI 

5 

IMPACT  STRENGTH 

0.29  FT -LB/IN.  OF  NOTCH 

Fig.  34  Melamine  formaldehyde -cellulose  filler  -  "Melmac"(7,8,11,12) 


Effect  of  radiation  on  mechanical  properties 


DOSAGE,  RADS 


CURVE  NO  PROPERTY  INITIAL  VALUE 

1  TENSILE  STRENGTH  10,000  P SI 

2  ELONGATION  2V. 

3  ELASTIC  MODULUS  6*10®  PSI 

4  SHEAR  STRENGTH  6,600  P  SI 

5  IMPACT  STRENGTH  0,53  FT -LB/ IN.  OF  NOTCH 

Phenol  formaldehyde  -"Catalin”  (7,8,9,10,11,45) 


Ill  50 


fleet  of  radiation  on  m^mQnKQi  properties 


JL 

0* 

_ i_  - - ^ - - - 

10’  10* 

10*  10’®  10" 

DOSAGE,  RADS 

CURVE  NO. 

PROPERTY 

INITIAL  VALUE 

1 

TENSILE  STRENGTH 

11.000  PSI 

2 

ELONGATION 

1.3  V. 

3 

ELASTIC  MODULUS 

18x10®  PSI 

4 

SHEAR  STRENGTH 

15.000  PSI 

5 

IMPACT  STRENGTH 

5.2FT-LB/IN,  OF  NOTCH 

Phenol  formaldehyde  -  asbestos  laminate  filler -"Bakelite"  (7,  8,9,11) 

Effect  of  radiation  on  mechanical  properties 


m  50 


I2.48i5 


o' - 

_ 

10* 

_ \ _ 

10’  10  • 

10*  10*®  1 

CURVE  NO. 

PROPERTY 

DOSAGE,  RADS 

INITIAL  VALUE 

1 

TENSILE  STRENGTH 

12,100  PSI 

2 

ELONGATION 

1.8*/. 

3 

ELASTIC  MODULUS 

16*10®  PSI 

4 

SHEAR  STRENGTH 

14,400  PSI 

5 

IMPACT  STRENGTH 

0.58  FT -LB /IN.  OF  NOTCH 

Fig.  37 

Phenol 

formaldehyde  -  paper 

filler -"Bakelite"  (7.8,9,11) 

PER  CENT  OF  INITIAL  VALUE 


Effect  of  radiation  on  mechanical  properties 


DOSAGE. RADS 


CURVE  NO.  PROPERTY  INITIAL  VALUE 

1  TENSILE  STRENGTH  11,000  PSI 

2  ELONGATION  A.O  */♦ 

3  ELASTIC  MODULUS  11x10*  PSI 

A  SHEAR  STRENGTH  - 

5  IMPACT  STRENGTH  2.75  FT- LB/ IN.  OF  NOTCH 

Fig.  38  Phenol  formaldehyde -linen  laminate  filler -"Bakelite"  (7,8) 


Effect  of  radiation  on  mechanical  properties 


DOSAGE, RADS 

CURVE  NO. 

PROPERTY 

INITIAL  VALUE 

1 

TENSILE  STRENGTH 

2.000  PSI 

2 

ELONGATION 

20  V. 

3 

EUSTIC  MODULUS 

0,50x10®  PSI 

4 

SHEAR  STRENGTH 

3,100  PSI 

5 

IMPACT  STRENGTH 

0,73  FT-LB/IN  OF  NOTCH 

Fig.  39 

Polyester  - 

"Selectron"  (7, ft, 9,11, 

.c^ 

CD 

iO 

PER  CENT  OF  INST 


Eff  ©ct  of  rodiotlon  on  m^choniccsl  prop®rls€^s 


DOSAGE,  RADS 


CURVE  NO. 

PROPERTY 

INITIAL  VALUE 

1 

TENSILE  STRENGTH 

4,700  PSI 

2 

ELONGATION 

0.17  •/, 

3 

ELASTIC  MODULUS 

32x10®  PSI 

4 

SHEAR  STRENGTH 

7,000  PSI 

5 

IMPACT  STRENGTH 

0.36  FT- LB /IN.  OF  NOTCH 

Fig.  40  Polyester -mineral  filler -"Ploskon  Alkyd"  (7,8,9,11) 


PER  CENT  OF  INITIAL  VALUE 


Effect  of  radiation  on  mechanical  properties 


DOSAGE  RADS 


CURVE  NO 

PROPERTY 

INITIAL  VALUE 

1 

TENSILE  STRENGTH 

25.000  PSI 

2 

ELONGATION 

50% 

3 

ELASTIC  MODULUS 

2,95  K)^  PSI 

4 

SHEAR  STRENGTH 

5 

IMPACT  STRENGTH 

— 

6 

BURSTING  PRESSURE 

105  PSI 

Fig. 41  POLYETHYLENE  TEREPHTHALATE  "MYLAR  FILM "(30,50,51,52} 


PER  CENT 


Effect  of  radiation  on  mechanical  properties 


4. 

< 


O 


CURVE  NO  PROPERTY 


INITIAL  VALUE 


1  TENSILE  STRENGTH  16.000  PSI 

2  ELONGATION  - 

3  ELASTIC  MODULUS  “ 

4  SHEAR  STRENGTH  13.500  PSI 

5  IMPACT  STRENGTH  - 


Fig.42  SILICONE,  GLASS  FILLED  (7,8,9,11,53,54,55) 


PER  CENT  OF  INITIAL  VALUE 


6. 


Table  9  (?)  (a)  (ll)  (12) 


1 

( 

1  Matorxoi 

(Ti'odo  nsffii'jo) 

Absorbed - 

dose, 

Rods  xlO 

Rockwell 
hui'dnesa, 
R  scale 

Water 

absorption 

Specific  I 
1  griivlty  1 

r  .  1  ni  . . .  n  .  _ 

Casein 

0 

125 

9,0 

1,34 

1  (Amoroid) 

0,045 

125 

9,5 

1,34 

i 

J; 

0,45 

125 

13  jo 

X  ^34  1 

1 

4,5 

3,  ■ 

J 

45 

— 

** 

— 

Cellulose  Acetate 

0 

102 

3 

1,31 

(Plastacele) 

0,035 

102 

3 

1,31 

0,35 

104 

4 

i;3i 

3,5 

- 

35 

•• 

Cellulose  Propionate 

0 

83 

1 

1,19 

(Teaito  Propionate) 

0,037 

60 

1 

1,19 

0,37 

- 

1 

i;i9 

3,7 

- 

- 

- 

37 

— 

Celliilose  Acetate 

0 

88 

1.1 

1,19 

Butyrate 

0,037 

86 

1,1 

1,19 

(Tenite  Butyrate) 

0,37 

80 

1,2 

i;i9 

3,7 

A 

- 

- 

37 

— 

Cellulose  Nitrate 

0 

Ill 

1,2 

1,41 

(Pyralin) 

0,03 

112 

1,2 

1,41 

0,3 

116 

1,41 

3 

— 

— 

— 

30 

— 

— 

Ethyl  Cellulose 

(Ethocel) 

0 

113 

1,2 

1,13 

0,042 

113 

1,13 

0,42 

II2 

1,2 

1,13 

4,2 

- 

A 

- 

42 

— 

Polyethylene 

0 

-20 

0,02 

0,91 

(Polythene) 

0,06 

-20 

0,02 

0,91 

0,6 

+10 

0,02 

0,91 

6 

60 

0,02 

0,92 

60 

120 

0,03 

0,96 
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Absorbed- 

Rockwell 

Water 

Material 
(Trade  names) 

dose,  _ 

Radsx  10 

hardness, 

R  scale 

absorption 

% 

Specific 

gravity 

Polychlorotrifluoro- 

0 

no 

0,01 

2,12 

ethylene 

0,06 

no 

c  o 

o  o 

2,12 

(Fluorothene) 

0,6 

106 

2,12 

6 

— 

60 

- 

Polytetraf lucre- 

0 

35 

0,04 

2,17 

ethylene 

0,02 

20 

0,04 

2,18 

(Teflon) 

0,2 

35 

0,04 

2,20 

2 

* 

o;o4 

2,25 

20 

*- 

Polyvinylchloride 

' 

0 

120 

0,05 

1,36 

acetate 

0,15 

115 

0,1 

1,36 

(Vinylite) 

1,5 

112 

0,4 

1,36 

15 

92 

0,8 

1,34 

150 

— 

mm 

Polyvinyl  formal 

0 

iL 

L 

1,21 

(Pormvor) 

0,04 

- 

mm 

1,21 

0,4 

- 

1,20 

4 

z. 

1,17 

40 

- 

1,14 

Polymethylmothar- 

0 

122 

0,4 

1,19 

orylate 

0,04 

122 

0,4 

1,19 

(Perspex) 

0,4 

122 

0,4 

i;i9 

4 

— 

— 

40 

— 

mm 

Polystyrene  unpigmentod 

1 

i 

0 

122 

0,05 

1,05 

(Amphenol ) 

0,04 

122 

0,05  1 

1,05 

0,4 

122 

0,05 

1,05 

4 

122 

0,07 

1,05 

40 

122 

0,10 

1,06 

Allyldiglycol- 

0 

118 

0,4 

1,31 

carbonate 

0,037 

118 

0,4 

1,31 

(CR  39) 

0,37 

115 

0,5 

1,31 

3,7 

90 

1,2 

1,29 

37 

- 

2,8 

1,23 

Polyester 
(Plaskon  Alkyd) 

P 

9,035 

122 

122 

0,2 

0,2 

2,22 

2,22 

0,35 

122 

0,2 

2,22 

3,5 

122 

0,3 

2,21 

35 

108 

0,7 

2,18 
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r 

Absorbed- 

Rockwell 

Water 

— —■■'j 

j  Material 

1  {fyade  names) 

dose, 

Reds  xlO 

hardness, 

R  eosQ.e 

■ 

absorption 

% 

Specific 

gravity 

J 

f foxy ester 

0 

50 

0,6 

1 

1,25 

fS'eleetron) 

C,035 

no 

' 

0,6 

1,25 

0,35 

120 

0,6 

1,25 

3,5 

no 

0,6 

1,26 

35 

' 

tm 

0,8 

1,21 

Polyamide 

0 

105 

1,5 

1,142 

(Nylon) 

0,055 

105 

1,5 

1,142 

0,55 

106 

1,5 

1,142 

5,5 

118 

1,5 

1,146 

55 

123 

15 

1,156 

Polyformeildehyde 

0 

75  D* 

■ 

- 

(Delrin) 

0,02 

81  D» 

mm 

0,05 

84  D* 

mm 

Polypropylene 

0 

75  D» 

-i 

- 

( Pro-Fax) 

0,55 

75  T)* 

— 

mm 

1 

74  D» 

- 

— 

5 

67  D* 

- 

- 

10 

54  R* 

Polyurethane 

0 

87 

- 

(Estane  VC) 

1' 

88  R* 

— 

■** 

5 

90  R» 

- 

10 

92  R» 

*  Shore  D  hardness  used 
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Table  10 


Absorbed. 

Rockwell 

Water 

Specific 

Material 

dose, 

hardness, 

absorption 

gravity 

(Trade  names) 

Rods  X 10*^  . 

R  scale 

i 

Aniline  formaldehyde, 

0 

128 

0,1 

1,21 

no  filler 

0,045 

128 

0,1 

1,21 

(Cibanite) 

0,45 

128 

0,1 

X }  2X 

4,5 

127 

0,1 

1,21 

45 

126 

0,1 

1,21 

Puran,  asbestos  filler 

0 

117 

0,8 

1,85 

(Duralon) 

0,035 

0,35 

117 

117 

0,8 

0,7 

1,85 

1,85 

5,5 

117 

0,7 

1,85 

35 

118 

1 

1,65 

Mai  amine  formaldehyde, 

0 

128 

1 

1,46 

1,46 

1,46 

1,46 

cellulose  filler 

0,075 

128 

1 

(Melmac) 

0,75 

7,5 

128 

126 

1 

2 

75 

106 

11 

1,20 

Phenol  formaldehyde, 

0 

123 

0,3 

1,5 

1,5 

*1  H 

unbilled 

0,035 

121 

0,4 

(Catalin) 

0,35 

5,5 

118 

113  : 

0,5 

0,8 

1,5 

1,5 

35 

powder 

Phenol  formaldehyde, 

0 

122 

1 

*1 

1,34 

1,34 

Linen  fabric  laminate 

0,035 

122 

1 

(Bakelite) 

0,35 

5,5 

35 

122 

122 

1 

2 

30 

1,34 

1,34 

0,8 

Phenol  formaldehyde, 

0 

122 

1 

1,37 

1,37 

1,37 

1,36 

0,8 

Paper  laminate 
(Bakelite) 

0,035 

0,35 

5,5 

35 

122 

122 

110 

106 

1 

1 

3 

80 

Phenol  formaldehyde, 

0 

no 

4,2 

1.66 

1  l66 

asbestos  filler 

0,035 

no 

4,2 

J.  «  U  V 

1,66 

1,66 

1,66 

(Haves) 

0,35 

5,5 

35 

no 

no 

no 

4,2 

4,2 

4,2 
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1  Material 
(Trade  names) 

Absorbed  - 

dose,  2 

Rads  X 10 

Rockwell 
haziness , 

R  scale 

Water 

absorption 

% 

Specific  i 
gro’/ity  ! 

P!),©nol  formaldehyde, 

0 

84 

4,5 

1,70  i 

1  Graphite  filler 

0,035 

84 

4,5 

1,70 

i  (Kar-bate) 

1 

0,35 

85 

4,5 

1,69 

3,5 

88 

4,5 

1,68 

35 

100 

4,5 

1,68 

Urea-formaldehyde, 

0 

128 

1,0 

1,50 

Cellulose  filler 

0,06 

128 

1,0 

1,50 

(Beetle) 

0,6 

127 

1,5 

1,50 

6 

lio 

20 

1,47 

60 

M 

" 
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TABLE  11 


ABLE  11  (Continii<*d 


CDH 


ABLE  1 


EFFECTS  OP  NUCLE/iR  RADIATION  ON  VOLUME  RESISTIVITY,  DIELEOTRIC  STRENGTH  AND  ARC  RESISTANCE  OP  PLASTIC 


':)OC4/5,  /nar 


TABLE  14 


Gaaevoliition  *  (7)  (a)  (11)  (6I)  (62)  (63) 


Material  -  Thermoplastic 

.  0 

Gas  evolved  -  lalA,  at  10  rade. 

Allyl  diglycol  carbonate 

40-55 

Casein 

4-7 

Cellulose  Acetate 

17-20 

Cellulose  Acetate  Butyrate 

28-30 

Cellulose  propionate 

35 

Cellulose  Nitrate 

105-120 

Ethylcellulose 

30-35 

Polyamide 

20-25 

Polychlorotri  fluoroethylene 

3.5 

Polyethylene 

70 

Polyethylene  terephthalate  i 

I 

3-5 

! 

Poly  ‘K-  methylstyrene 

1,5-10 

Polymethylmethacrylate 

30-35 

Polypropylene 

70-90 

Polystyrene 

1-1,5 

Polytetrafluro ethylene 

0,5-1, 2 

Polyvinylalcohol 

25-40 

Polyvinylchloride 

6-9 

Polyvinyl  formal 

o 

o 

Styrene-butadiene  plastic 

Triallyl  cya.nural5^  polymer 

~2 

79 


T  A  B  L  ii 


Gasevolution  ♦  *  (v)  (J)  (il)  (Px)  (6k;)  (6.^)  (64) 


Material  -  Theri;.OGeuiugs 

3  ' 

Gas  evoxveu  -  at  iO  raoc. 

/niline  i  jni(,aic.ehyGe 

1 

2  ■ 

Fui-aii  reeir. 

! 

<  0,  it 

1 

Melamine  fonv-aioehyee 

j 

(ceiiuioce  iiuer) 

6-.0  i 

( 

Phenol  (ornialoehyGe 

Mo  filler 

- 

Linen  fabric  filier 

a4 

Paper  filler 

i.t 

Asbestos  fiber 

Graphite  fiuer 

<o,o: 

Polyesters  (geuerai) 

2-40 

Ox'Qti  tormalcichyoe 

(cellulose  filler) 

iO-iV 

*  rhe  gaeevojiu'vic.i  was  lueasurec.  itom  cai-piec  cf  0,?.  i<:  C,t  grairiU.e 


se/toioA 


no 

'^A_B_L_E _ 16  (  7  )  (  11  ) 


Effect  of  filler  mnterinl  on  tho  radiation  st'.ibility 
of  phenol  formaldohydo. 


1 

Material 

Additive 

Filler 

'  Relation 
Stability 
of  filler 

Threshold 

Damage 

(rads) 

25)^  Prirn-UiC 
Dosage 
( rr’ids  / 

Phenol  formaldehyde 

None 

2,7  .  10° 

1,1  .  10' 

Phenol  formaldehyde 

Asbestos  fiber 

Bettor 

7,8  .  10^ 

8,9  .  10^ 

Phenol  for^mldehydo 

Asbestos 

Bettor 

3,9  .  10® 

3,9  .  lo'-^ 

Phenol  formaldehyde 

Graphite 

Bettor 

8,9  -  10^ 

7,7  T  10^ 

Phenol  formaldohydo 

Linen  fabric 
lamina.te 

Loss 

3,4  .  10^ 

8,2  .  10^ 

1  Phenol  formaldohydo 

Paper 

Loss 

3,8  .  10^ 

2,6  .  10^ 

■ 
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PER  CENT  OF  INITIAL  VALUE 


250 


Fig.  44 

EFFECT  OF  FILLERS  ON  THE  TENSILE  STRENGTH  OF 
PHENOL  FORMALDEHYDE  RESINS  AFTER  IRRADIATION  (7,9,11) 


82 


TABTiR  17 


Effects  of  fillers  on  the  elon^jation 
of  polyvinylchloride  (65) 


0 

1x10® 

2x10" 

No  filler 

100 

78 

58 

Carbon  black 

100 

79 

64 

’  rutile 

100 

73 

54 

Whiting 

100 

73 

42 

Chinn  Clay 

100 

82 

65 
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Radi?.tion  stability  of  plastics  at 
temperatures  above  75*^0  (n)  (€7)  (68) 


T  omp . 

flax,  do  ra,; 

-  J- 

0 

G 

(cloctrioal) 

rr.do 

. . . . . f 

(lU'cn  .nrc. 
r-,d‘. 

'  '  i 

i 

Caaoin  i 

1 

125-'' 40 

.’,5  -r  10 

Iloiio  c  nlorotrif  luoro- 

i. 

200 

5  X  10^''  , 

5  X  13 

poly  •JAido 

5  X  10'  j 

2,5  10' 

polyuthjlono 

85 

9 

5:^10^  ; 

I 

2,5  X  'lO' 

Poly:,  ty  rone 

75 

5  X  10^  1 

I 

5  X  10^ 

?o  1  y  c  0 1 r.-.f luo ro c tliyl ono  j 

250 

9  ■ 

•  2,5  X  10^  ; 

2,  5  X  1 

Polyvinyl'  c oterbo 

130 

j 

5  X  10^"  1 

2,  5  X  1 

P. 

Polyviuylc:  -.rbr.zol  e 

150 

9 

5  X  10^ 

5  ::  10 

5  ::  10 ' 

P  0 1  y  V  i  ny  1  c  hi  o  r  i  d  o 

05 

io^>  ! 

PoD.yvinylfoim.-'.l 

130 

10^ 

1  . 

I 


1 

j 
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TABLE  20 


Rndintion  st-ibility  of  plastics  at  ttupcraturos  nbovo 

750c.  (11)  (67)  (68) 


Material  -  Thermosettings 

Temp, 

OC 

Max  ,  dose 
(Electrical) 
rads 

Max  •  rlOGu 
{l\oohrsdorA) 
rad3 

Eix)xy 

130 

9 

5  X  10-^ 

9 

2  X  10^ 

Furan 

120  -  160 

— 

3,3  X  10^ 

Melamine  formaldehyde 

Cellulose  filler 

110 

!  In® 

Glass  fibre  filler 

120 

1  X  10  ! 

Phenol  formaldehyde 

No  filler 

120 

1,1  X  10^ 

Cellulose  Filler 

120 

— 

2,8  X  10  -  ^,6  X  -e. 

Mineral  filler 

175  -  190 

7,7  X  10  -  3,9  ::  iO'1 

Polyester 

C 

No  filler 

100 

8,7  X  10^ 

Mineral  filler 

no  j 

— 

3,9  X  10  j 

2,5  X  10®  ' 

Silicones 

150 

5  X  10^ 

66/5012/5 
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TABLE  21 


TRADE  OF  PLASTICS 


Trade  Natno 


nhorrlcal  Nfunc 


.ibcolite 

Afcson 

Aerolite 

Alnthon 

A^gilono 

* 

Algoflon 

Allc'vthono 

Alphi-.lux  400 

An.croid 

Anpp.cet 

Araldito 

Aropol 

Atlac 


Polystyrene 

Acrylonitrile  butadiene 

Uror.  Porri-ild«^hydc 

Polyethylene 

Polyethylene 

Poly  totrr.f  luoro  e  thy  lone 

Polyethylene 

Polyphenj’'lene  oxyde 

Casein 

Polystyrene 

Epoxy 

Polyester 

Polyester 


*Agilide 


Polyvinylchloride 


66/5021/5 

yr 
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b) 

Trade  Hnno 

Bakclitc 

Beetle 

Bexoid 

Butneite 


i  . 
! 


Chop)ic.''.l  N."'j.ie 

Phenolic 

Urea  Fornnldohydc 
Cellulose  acetate 
Polyvinyl  Butyra.l 


66/5021/5 

yr 


I 


88 


Trade  N;'.rao 


Cheiaical 


Cfiladene 

Capran  Film 

Carifl(/x 

Carina 

Car.lona 

Cc-irloa-i  P 

Catabond 

Cataliri 

Cccapren 

Cellidor 
Colli t 
Cellophane 
Cello  fooni 
Cibani te 
Covisil 
CR  59 
Cry otic 
Cycolac 
Cyiiiul 


Phenolic 
Hylon  6 

Pji.i  la  di  one  otyrene 

Po  Ijori  riy  1  ch  1  o  ri  d  e 

Polyv.  thyiune 

Polyprcpylen.’., 

Polyootur 

Phenolic 

Polyester 

Cellulosics 

Cellulosics 

Collulosico 

Polys  tyr.;nc; 

Aniline  Fon-ialdehyde 

Silicones 

Polycarborrite 

Polycstc-r 

ABS 

MoLaninu'  Fomaldehydo 


66/5021/5 
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Trado  Nacio 

Dacron 

Dapon 

Daiadc 

D.C,  Rosins 

Dulrin 

Dcsraodur 

Dcvcon 

Diakon 

Diorit 

Dow  Coming 

Duralon 

Duroz 

Durito 

Duthfino 

Dylan 


Choriical  Nariu 

Poly os tor 

Folyortcr 

Pol;'’A/inylchloridc 

Siliconoc 

Ac.t:.l 

Polyurv.  thane 
Epocy 

Po  lynothy  L  -.v-  thacry  1.  •  t  ^ 

Polyvinylidoncchlcrid-j 

Silicones 

Purr;,n 

Phenolic 

Phenolic 

Polyurothnnu 

Polyothylcno 


66/5021 /yr/5 
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\ 

/ 


Trad^  Nrac 

Choi'-iicnl 

Epiali 

Epoxy 

Epiko  to 

Epoxy 

Epons 

Epoxy 

Epophon 

Epoxy- 

Epoxy li to 

Epoxy 

Erinoid 

Casein 

Eotano 

Polyuroth-J.G 

Ethocol 

Ethyl  cx;llulosG 

Exon 

Polyvinyl chloride 

66/5021/5 

yr 
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Trade  N.'^ulo 

Plcxon 

Polyviny Ichlori do 

Fiuon 

P.T.P.E. 

Fluorothenc 

Polytrif luorononochlorscthylunc 

(P.C.T.F.E.) 

Fomicft 

Ilolcmint  Fora^'-ld^hydc 

Formvar 

Polyvinylfona"! 

Forticel 

Cellulosics 

66/5021/5 

yr 
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92 


i\mo 

Chci  dcril  Ho  mo 

Gabrr.stcr 

Poiyostor 

G;\brito 

Urua  Pcrnr.ldohydc 

G.nriGOlit.-- 

Caooiii 

Gc-dox 

Polyntyrun'^ 

Gelva 

Polyvinylr-c.- 

Gulvatol 

Po.l:A'inyl/'lco}iGj. 

Goon 

PoljTriixylchloridc. 

Glidpcl 

Polyostcr 

Grilon 

Poly.'urddo 

66/5021/5 

yr 


Trade  Nnne 


Chei-dcal  Neno 


H  Pilra 

Halon 

Havog 

Hetron 

Hif'ix 

Hostaflon 

Hontaflon  TF 

HT  Film 

Hypr.lon 


Polyinide 

P.T.F.E. 


Rienolic 

Polyester 

Polyothylcno 

Polytrif  luorononcchlcro.- thy 

Polytetre.fluo^oethyl•-rlv. 

Polyiruide 

Chloro  sulfonated  poly^thyi 


66/5021/5 

yr 


94 


Trncic  N>~.:;k; 

Chanical 

Kftpton 

Polyi:.ii(l  j 

Karbatc) 

Phenolic 

KlI  p 

Polytriflur’rr  '.'.rLoch  lo: :  .. . 

• 

KoroKcal 

: L'difiod  Polyvinylchlori 

Kral<?.stic 

.''JBS 

Kynar 

polyvinylidcn^'.  Flu'ji’ic.i„ 

66/5021/5 

yr 
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Trade  Nr-Pc 


Chcnlcal  Nrr.e 


Lactophane 

Laniaac 

Leguval 

Lokuthonn 

Lexan 

Lucito 

Lustran 

Lustrux 

Luvican 


Cclluloaics 

Polyust<.r 

Polyester 

Epoxy 

Polycarbonate 

Polynothyliiothacrylate 

ABS  (Acrylonitrile  butadiene  styren 

Polystyrene 

Polyvinylcarbazol 


66/5021/5 
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M;’,rbl:tto 

M'vrco 

H'wforn 

ri;\rlox 

I-Tarvincl 

i'Llinox 

Molox 

Merlon 

MicnrLn 

r'Jondur 

ilonisrmto 

Hylrir 

3H 


Ph.:nolic 

Pol^iar'  thr-nc. 

Poly  ■11^2''"  1^ 

F'jly  viir/lchlorid  o 
p:.'iyct]i2/l^  ir,;  IVi  ;  Thtn".^.' 
Mol-v:iinv,  R;ro/.ldeiiydv. 
iieiniiin .  rildeh^^de 
Polycrrbrri;-t(. 

Phciujlic 

Ir.cc^r^'-’-n’itos 

Poly;  t  /rent: 

Pc  ly v;  thyl -no  t ^roph  thnl 
iipoxv 


66/5021 /^) 
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i 


I 


:•) 

0) 


Trrdu  Nmo 


Nr.i.l'  npl'-'.st 
Noiric.y:  Yarn 
Nylon 


Trade  N.n'iO 


Opalan 

Orizon 


66/50?i/5 

yr 


Qnjidcnliinr.iv- 


Polynr.'J.de 

Polyi:iido 


Pc'ly.a'.ndc- 


Chcidcal  Naac 

Po  1  y\'i  ny  1  a  h  1  o  rid  o 
Poly^thyl'-no 


98 


p; 

Trade  Hciici- 

PPO 

Par, a  pi  ox 
Prrylwno  N,  C,  D 
. Penton 
Pv;rlon 
Perspex 
Pet:-  othcne 
Phonolitc 
Plfiskon  Alkyd 
Plastacole 
Plcogon 
Plexiglas 
Pliolito 
Pliovic 
Plyophen 
Polectron 
Polydur 
Polyflon 
Polyox 
Polystyrole 
Polythene 
Palythem 
Pro-Pax 
Pyrtalino 


Cheirdcfil 

Polyphenylene  oxide 

Polyester 

p.’jrylcne 

Chlorinated  Polyetlnr 
Polyrj'ide 

P(>ljraothyL:!'.  thneryla  t^ 

Polyethylene 

Phenolic 

Polyester 

Cellulose  acetatu- 

Polyester 

Po  lyi.'.e  thy  Ine  thacry  lo.te 
S tyr one-bu  tadi one 
Polyvinylchloride 
Phenolic 

Polyvinylcarbnzole 

Polyethylene 

Po  ly  t  o  t  r  a  f  1  uo  r  o  e  t  hy  1  <-  n  o 

Polyothyleneoxydo 

Polystyren' 

Polyethylen*. 
Polyvinylchloride 
Polj  propylene 
Cellulose  nitrate 


66/5021/5 

yr 


Trndo  Nrune 

Rosimcnc 

Rosiiiol 

Rosinox 

R^kocoI 

Resofil 

Rosito  2000 

R^yolin 

Roynlito 


66/2021/5 

yr 


Chcndctil  N 

Phenolic 

Phenolic 

Phenolic 

Phenolic 

Plionolic 

Polyolef in 

ASS 


Saf  i'.'X 
Sar.ai! 

3-iran  F 

SL.loctr:)n 

Silactic  CO 

Silniar 

Solithano 

Cor.’uplas 

Soruflon 

Styrcx  ■ 

Styi-on 

Styrofoax'. 

Sylsand 

Sva  lyn 

Synvaron 

Synva.ri  to 

Synvarol 


Po  iy  vi  ny  1  bu  ty  r  1 

Polyvinylidv^ne  chloride 

Poly’/i:  ly  Lchlcricic 

Polyos-c.^r 

3iliconc3 

Polyjator 

Pcljoircth- .no 

Polyvinylchiorido 

Po  ly  tc,  traf  luoroo  thy  1  onc 

Polystyrene 

Polystyrene 

Polystyrene 

Silicones 

lonontr 

Phonolics 

Phcnolics 

Urcnfcrrx.ldehydo 


66/5021/5 

yr 


Trade  Nano 


Chc.iicel  Naxie 


Tedlar 
Teflon 
Teflon  PEP 

Tenitc  Butyrato 

Tei’ylcno 

Tetran 

Toxin 

Thiokol 

Triaccl 

Trulon 

Tufnol 

Tybrene 

Tygon 


Polyvinylfluoridc 

Polytotrafluoroothylonc 

Copolyner  of  hexafluoroprop< 
and  tetrafluorocthylonc 

Cellulose  Acetate  butyrate.. 

Polyethylene  Torephthalate 

Volytctraflueroothylene 

Polyurethr-.nc 

Polysulfide 

Cellulose  acetate 

Polyvinylchloride 

Phenolic 

ASS 

Polyvinylchloride 
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Chvr.ic'ii 


Ultron 

Um.on  Carbide 
Ui-ax 


Pclyvirylchi<  rid^ 

Silicon-.  3 

Urer.  ?'« *r\V'  Id iivds. 
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V) 

w) 

X) 

z) 

Trr.do  Naiiv. 

Vr’.rcuri 

7>lon 

Vest'.!! 

Vibr'itlirnc 

Vibrin 

Vir-cor;'- 

Vinidur 

Vyb?il< 

Vinylit>;  A 

Tr-^dc 

v/.-lvic 


Trr.d'.;  N'Uic 

Xylonite- 

Trr.do  Nr.r.c 

Zytol 


Phenolii. 

Polyvinylidciii.  chi 

Po  1  yi'i  ny  1  i  c  •,  nu  cbi  1 

PolycGt>,r 

Polyostv-r 

Celluiioioo 

Fo  ly  vi  nyl  chic  ri  d^. 

Polyvi  nylch.l  .-ridv.- 

Idlyvinyl 

Clic.i.iccl  I'l.cMC 

Polyvinylclil-cride 

Cho'-iicc]  Kr:.:  i-.- 

Ct-llulosicc 

Pcly’jnide 
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Chomical  Nrimo 


Trade 


ABS  (Acrylonitrile  butadiene  styrene) 

Cycolac 

A  -jf"  «!  ••  '» 

Kralastic 

Luatrnn 

Royalite 

Tybreno 

Acotcil 

Delrin 

Acrylonitrile  Butndicno  otyreno 

Abe  on 

/irdlinc  formaldehyde 

Cibani to 
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B) 


ChomicAl  Kgjne 


Tr.';dc  Nnmo 


Butadiene  Styrijnu 


Cnriflex 


\ 
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o) 


Clu'-inlcnl  Name 


Tr?>dc;  Mamo 


C  'riboiv'  to 

C. 

CAOoin 

Coiiulono  acetate 

CclJalosu  acetate 

C  :■  1 1  e  1 0  a  c  ace  ta  to 

Celluioae  acetate  butyrate 

C  0  llulo  s  c  ni  ti'ato 

Celluloeics 

C'./.l.lulOEiC3 

Ctlluloaicu 

Ce llulo. aica 

Celluloeicc 

Ce'lJuloEics 

Colli,’lo.aicr; 

Chloriuc.ted  polyother 

Chloro  Ei'lfoiiatod  polyethylene 

Copolymci:^  of  he*jca  fluoropropene  and 
totra  fluoroG  cl^/lcne 


CR  yj 

ibneroid 

Gavisoli  te 

Bexoid 

Plactceolc 

Tri.acel 

Tenite  butyrate 

Pjrraline 

Collidor 

Forticcl 

Cellit 

Cellophane 

Lactophano 

Viscose 

Xylonite 

Ponton 

Hypalon 

Teflon  PEP 
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S) 

Ghociical 


Tr'.do 


Epoxy 

Epoxy 

Epoxy 

Epoxy 

Epoxy 

Epoxy 

Epo:{y 

Epoxy 

Epoxy 

Ethyl  Celiulosu 


Araidito 


Duvcon 

Epiall 


Kpikoto 


Eponc: 


Epophcn 
Epoxylitu 
Lckuthcnr. 
3  M 

Ethocol 
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Cht-'r  1  i  M'lr:-  < 


Furan 


Dural on 
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lonomor 

Isocynnatca 


Svdlyn 

Mondur 


66/5014/5 

yr 


110 


/ 


Ch'.;iiiicc.l  I'iniru.! 


Trade  Nrucc 


Me .U' mini;  formaldehydo  C^SeT 

Melamine  fc.finaldehyde  Formica 

Melamine  formaldehyde  Melniac 

Mel'minc  forraaldehydo  3klox 

Maimrdne  Rooimeno 

Hodificxl  polyvinylchloride  Koroaeal 
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Oumcr.l  Hamu 


Trr.do  K.iiac 


Nylon  6 


Cnprrix  film 
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P''ryl'..n«. 

1  •  C  •  T .  I*',  ill,  ( Toly  trifluoromonochloroo  thy  lone ) 

»* 

Pl^jnolic 

Phv.'nolio 

Phc;;\0lic 

r]ii.noIiG 

Phenolic 

Plicnolic 

PhoDolic 

Fli..nolio 

Ph. nolle 
Phenolic 

*  Phono lie 
Phenolic 
Plvjnolic 
Polynniid*., 

Polynj;dd(j 

Polyruiiidu 

Polyrunide 

Poly'-jrad  j 

Polycarboante 

Polycarbonate 

Polycarbonate 

Poly on ter 

Polyentor 

Polyester 

I 

Folyostur 

Polyester 

*  Phenolic 

6C/5014/5 

yr 


Tr  ''It. 
P.'ir.V  1'  fK; 
Fluoi’oili'.nc 

Kol  P. 

B-'iculi  to 

C.'.tnlir. 

I>urcz 

H'-.vo  g 

Karb.^tv 

iiicr.rtri 

Phtnoli to 

Plyoph^,n 

Rosiiiol 

Rosinox 

Rcsoc-^l 

R&ofil 

Synvarv,n 

Synvorito 

Tiifnol 

Grilon 

IJ.-iilonplnot 

Nylon 

Pv;rlor. 

Zytei 

OR  39 

Loxan 

Nv^rlon 

ilropol 

Atlac 

Cr.tr.  bond 

Coapren 

Cryotic 

Varcum 


V 

5 

C'KeiiO'  l  K^.-rge 

Trade  R'uue 

1 

♦  ,  .  j 

Jbl.Ve-iter 

Dacron 

if 

Polyeotir 

Dapon 

• ! 

Poj.yeotex- 

Cobras  te-r 

Polyootey 

Gliapol 

Pelyca  te-i' 

Hetron 

i 

Inlyeo.i.y 

Lamin  ic 

Polyeator 

Loguval 

Polyoyters 

i'larco  MR 

Pclyi,;.';'.  ber 

Para pi ex 

a 

s 

Folj'ei'.ter 

Plaskor.  Alkyd 

V 

■  h 

Polyeateo’ 

Pleogen 

J 

Po jyontor 

SeleCtron 

f 

is» 

Polyester 

Silmar 

0 

Pcl7er-t(T 

Vibra.thane. 

Polyof.tor 

PoD.yothylcno 

Pc'' yet  ay  lone 

Polyethy].ono 

Polyethylene 

Polyo tnyloae 

i:’o3.yolrylone 

Poly  ethyl  one.- 

Polyothyluno 

Polyethylene 

Pciyothylene 

Polyethylene 

Po  ].y  c  thy  1  cm /oxyd  e 

PeJ.yphenylc.ne  oxyde 

Po lyothyleno  terophthalato 

Po.lycthylcnc  terephtLo-latG 

Po lye  thy] one  tcrcphthalato 

Po lyi mide 
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Vidrin 

Alathon 

Ai^ilono 

Alkathenc 

Carlon? 

Dylan 

Hi  f  ax 

Mirlex 

Orizor 

Petrotlieno 

Polydur 

Polythene! 

Polyox 

PPO 

Hulinex 
MyLir 
Perylcne 
H  Piln 


lU 


Tracio  1 

Poly.i.midu 

H  Pi  Ic; 

Poiyinido 

Kapton 

PolyiiraJ  / 

■floEez  yarn 

Fo  ly  mo  t  liy  imt.  r  t\  \^CTy  Ici  to 

Dinkon 

Po  lyniv;.  1)  ty  .lr:K:  thncryL*ito 

Lucito 

Pol^nr...  thy]  pv..  thr.crylatj 

Perspox 

Polymc  thyi:n<'.  tbicry lato 

Floxiclns 

P^lyCii,.rin 

Rriyoliri 

Polyp]iMiyl'.;iu.  oxycLo 

Alphalux  400 

Polypropylene 

Carlon;’.  F 

Polypropylorie' 

Pro  -  Fr-x 

Polystyrt.n^^ 

Abcolitc 

Polys 'tyre-'iic 

ihnpficct 

Polyntyron-j 

CollofO^iE 

Polys  tyrono 

Godox 

Polystyrene 

Luntrox 

Polystyreiie 

ifojisanto 

Polystyreno 

Styrox 

Polys  tyrorie 

Styron 

Polys  tyreFiv, 

Styrofo.Ui 

Polysulfide’ 

Thiokol 

roly  tc;  t---alnoroL;thylC'nu  (P.T.F.E. ) 

Algo lion 

Polyt...t:r.'vf].'aoro<.:thylono 

Fluon 

Po  ly  1 0 1;raf  luoro  ■  j  thy  1  on  o 

Kalon 

Pclytotrafluorouthylonc 

Hcstaflon  TF 

Po ly to  trof luoro  o  thylono 

Polyf Ion 

Polytotrariuorocthylono 

Soroflon 

Polytotrofluoroo thylono 

Teflon 

Poly  t  o- 1  rn  f  luoro  i.;  thy  lone 

Totran 

Polyur(;thano 

Desmodur 

Polwrcthnno 

Duthane 

66/5014/5 

'Jt: 


1 


Polyurc  th-D  i. 
KUyurcthunc 
Poiyur!;thanc 
Pcljoirv.  th'-'nf. 
PoljT'/iny.l-.-'.c^, 

Poly vir../l  c  c  c t i.  e 

Po  ly  vinylr'.lcoho  1 

Polyvinyl  b  atyroJ 

Pol,yvinylbutyrnl 

Po  lyviny  Ic  'jrbozo  1 

Polyvinylcorbizol 

Polyvinylcliloridc 

Polyvinylchlorido 

Po ly vi ny Ichlcridu 

Pol.yvinylchloridc 

Polj'vinylchlcrido 

Polyvinylchloildo 

Polyvinylchloride- 

Polyvinylchlorido 

Polyvinylchlorid  o 

Polyvinylchlorido 

Polyvinylchlorido 

Polyvinylchlorido 

Polyvinylchlorido 

Polyvinylchloriao 

Polyvinylchlorido 

Polyvinylchlorido 

Polyvinylchlorido 

Polyvinylfluorido 

Polyvinyll'oriryil 

i 

Polyvinylidonochloridc 
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Estrno 

Mnrfonra 

Solithnr.u 

Toxin 

Gclvr, 

Vinylito  A 
Gciratol 
Bu  tacit.; 
Saflex 
Luvican 
Poluctron 
Agilido 
Carinn 
Darvic 
Exon 
Flexon 
Gcon 
Marvinol 
Opnlon 
Pliovic 
Poly therm 
Snran  F 
Somapl.as 
Trulcn 

Tygon 

Vinidur 

Vyb.Tk 

Wclvic 

Tedlnr 

Fomvar 

Diorit 


116 


Chf.nuc'-il  NrxK; 

Pol.vvlny].idoii...'  chloride 

Sor.‘’.n 

Poly’/inylidcne  chlurido 

Volon 

Po.l5,-vinylid,„nc  fluf-rido 

Kya-^r 

Polj'vin.'/'lideno  chloride 

Vestari 
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% 

s) 

ChcT.lic  1  M.'iriu  Tr.^rik-  H:  r. 


SiliCOU.;S 
Siliconofi 
Silicones 
Silicones 
Silicones 
Silicon'jG 
Stjrrene  Polymors 
Styrene  Butndienc 


Coviail 
D,C.  He Gins 
Dow  Coming 
Si Ins tic  30 
Sylgnrd 
Union  Corbide 
Sec  Polystyrene 
Pliolito 


4 


J 

/ 

/ 

/ 


1 
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Chemical  Kanic 


Trade  K:i?nc 


Urea  Formaldehyde;  Aerolite 

Urea  Fo unpaid ohydo  Beetle 

Urea  Formaldehyde  Gabritv^ 

Urea  Fonnaldohydc  Synvarol 

Urea  Formrildchydc  Urox 


\ 


I 
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